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Chapter Orto 


THE RELATIVITY WE ARE USED TO 


Does Every Assertion Moke Sense? 

Obvjnns-ly not. Even if wo take some words and 1 link (bom 
logoi her Id strict accordance with (bo rules of grammar., the 
result may bo Complete uOnstuisO. Thera is do sense what- 
evw. for ri am pEu . in the assertion (hat “water is triangu- 
lar^ 

However, not ?JF nonsense is an obvious. Ml too of too 
on assertion which ajrpt-asrs quilo reasonable at first glance 
turns out la bo ahsaluLe nojisrusu Under closer scrutiny, 

Right or Left? 

On what side of the street— right nr left— is the hmiso? 
You cannot possibly onswor this question oflhaud. 

If y)u go from Ihft bridge towards tho wood, il will be 
on your I eft- bund side, and if you go in the opposite direc- 
tion. it will tin on your right. Speaking of tho Left- or right- 
Imnd side of a street you must mention the relntJvo dircc' 
tlon. 

Thom is sense m speaking of (be right bank of a river, 
because its current determines the direction. We can sim- 
ilarly gay that a lyifhtnr car drives along (ha right-hand 
?rdo of (bo roadway, because tbs flew of traffic indicates 
(he relative direction. 

T!ib notions '‘right* and “left* Ere therefore rote live 
sxid make sense only when b direction ia given (□ guide ue- 

ls It Ray or Night Wow? 

The answer depends on tho location , When il ia day in 
Moscow , Il Is night ia Vladivostok, There ia nn parinl n 


? IYF.I 



here. Simply, “day” and "night' 7 are relative notions and 
you cannot answer the question without referring to the 
place. 


Who is Biftgcr? 

I el the tup drawing nn the neat pa go the Cowherd is ob- 
v i Dun I y bigrer than the cow. In the In war drawing, the cow 
is bigger than the cowherd. This is no incongruity cither. 
The two pictures were drawn from two different points— one 
closer to the cow, and the other closer to Iho cowhonl-It 
is not the true dimoimaus of an object that are usage L ie] 
for a drawing, but the angle at which they arc viewed. And 
lhaaa angular rlimangjnns of objects arc quite obviously 
relative- [t is senseless to speak About angular dimcjisions 
of objects unless Iho latter aru pinpointed in space. For 
instance,. there is an sense in saying that a tower is seen 
from an angle of 45*. But if yon say that a tower 15 metres 
away from ymj is seen at an angle of 45 that \s qwfto 
reasons bio. It follows, moreover, that tho lower is f5 mein* 
high. 
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The Helative Appears Absolute 

If wC shift OUr point of observe Lion slightly, the angu- 
lar dimensions will also change slightly. That is why an- 
gular nwaanremen La are often used in astronomy. Stellar 
maps are supplied with angular distances between the stars. 
i,e„ the angles at which the distance bolwscti the stars is 
soon from the Kartb, 



■■ u. 







Regard less nf our ntov*cnon Is OH Earth, end feganileys of 
our point of ohRervati o P , WC shall Always the stars at 
nnv and tfjr- seino distance from each Other. This is due to 
the trscnoDdoiLa, inconceivably gri iul distariGeR that separate 
us from Iho stars. Compared In them our movement on -Barth 
from point in point ia 50 insignificant that wo may easily 
disregard it r Therefore, In this ease angular dManeas may 
ha accepted as uldoLute distances. 

Ef we fake the rotation oE the Earth round the Sun into 
account, the Change of tha angular measurement heroines 
noticeable, though hardly signi Ficfint. The picture would 
change radically, however, if WO were to shift OUF ubserva- 
tinn point to some e La r— Sirius* for example. All angular 
mOMUremeuta would he different. and we would TlthJ Jho 
stars, which ware fax apan in our sky, clnsor together, and 

VICO TBTH- 


The Absolute Tune Out to Be Relative 

We often 3fty * a up" And "down 1 *. Are there notions abso- 
lute- or relative^ 

Al different limey people gave different a reward tn this 
question, When pen pi a did net know that our Earth was 
round and imagined It to ho as flat Dm A pancake, the ver- 
tical direction wm regarded. as an absolute concept. It 
Wila assumed that the vertical direction was one and tha 

|g 


: iima at all puinks of I ho Earth's surface -and that it was 
quite natural lo apeak of lha abaoluia “up" and the absolute 
'down 11 . 

When il was discovered that the Earth was round, the 
no tion “ ver tlca S 11 ool La psed . 

Indeed, the Earth being round, the direction ol a vertical 
Una depends essentially on the position, of the point on 
the Earth’s surface through which that line passes. 

At dJ fluent points ol the globe the vertical direction 
will bo difftwnt- 

Since the notions oE '"up 71 and *down" thus Loat seore. 
unless the eiaci point of the Earth's surface was spocified f 
the absolute became relative. There is no mm vertical di- 
rccLiiju Li 1 the Universe-. Therefore, for any direction lii 
space wo may Sfrfttify Lha poin.1 Co the Earth's surface at 
which this direction will bo vertical. 

“toominn Sfinse 1h Pro-bests 

All this appears obvious to us today and we do not doubt 
it in the least. Nevertheless, wo know from history that 
it 1 1 jih not bean, easy for man to real ire the- relativity of 
,L up H and "ijpwn 71 . i'eopLo are Inclined to ascribe absolute 
seuio tu concepts it iheur relativity is riot evident from 
everyday eipcrierire fas in the Case of "right” and "left"), 

Let us recall the absurd objection Lo the fact that the 
Earth was round, which came down lo us from, the Middle 
Ages: h,OW can pan p La walk U pii d a-down? ! 

This argument Is wrong because it overlooks the rela- 
tivity of the vertical dar&otinn that s tarns from lha Earth 
being round. 

if we did not recognise the relativity of the vertical 
direction sod took it to he- absolute In Moscow* for example, 
thou, naturally, people in New Zealand would ho walking 
upside-down. But bear In mind that for New Zealanders w# 
Muscovites, too , are walking Upside-down. There is no con- 
tradiction In that fit nlL r since the vertical direction fs 
not really J+d absolute concept but- a relative one. 

We begin tu fool the true meaning of the relativity of 
vertical directions only whan we consider two points suf- 
ficiently far apart 00 the Earth "a surface -Moscow 4 and 
New Ze-alftnd, lor OPmpk If. on the other hand. wc Lake 
Lwo points that arc cloase 10 osch. other— two housE^ in Mas 
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COw, tor bx amp! i? — we are jusli Fmd in derhlg nil ycrli 
cds Ln Llsflm in* he practically pars) tel, that id, gL&oIuIb. 

It Is enly ^bpn we deal with area^ eenupatablB in sLsb 
to- like Karlfl^^urJfM* Lb-ul the attempt bo apply nr. absotuLs 
v^rliraJ Ivmh Lu absurd a tics and contend it fc Eons. 

Tlht e^umptcB dineti^Red above .rJiow Ljinl many of r.ho 
concepts that we usa in ollf everyday lif^ L are relative, that 
iliay make senfri only when we Apccifj, 1 tEie Conditions of 

obaermlou. 


Chcipltir Two 

SPACE IS RELATIVE 


Qm* and the SflT»r K3nce or Muf? 

Often wG say that Lwo events occurnsd In one And the 
same place and. mod to ascribe absolute meaning to nur 
mawtian. But an reality it means nothing. It amuunli to 
saying, "It is hvC o’clcick now/' without specifying where- 
in Moscow or Chisago. 

To understand this properly, let US imagine that lwo 
travellers have arranged to meet evary day i el one And the 
same compartment aboard the Mnscow- Vladivostok express 
train and write let Lars lo the It husbands. Their husbands 
would hard I v agree if we told them that lhair wives met rtt 
ouc and the same point in apace. They would say, and owl 
without reason, Lhutl, these points wort hundreds of kilo- 
moires apart, i>id they not. get the letters from different 
ci Lies— Yaroslavl, Perm, Sverdlovsk, Turnon, Gttisfc, and 
Khabarovsk success! v el y. 

These two events- writing letters CU1 tlk.fr Urst mid on 
the second day of the journey —occurred in o&O and the seme 
place from tho point of view of the wives, und in places 
hundreds of kilometre* apart from the point cf view of their 
hijabands- 

Who was right— the wives, nr their husbands 1 We have m 
grounds to Sad? with either ol them. It is quite evident In 
US that the concept "at one end the same point in space" lb 
relative. 

Similarly, the assertion that two slurs Ln the .sky coincide 
makes sense only if it specifies that they have he*0 ob- 
served from the ksrth. Two events may be said to coincide 
ill space only if wO mention the bodies in relation to which 
the events are located. 



Thus, the concept of posHion in space la al?n rotative. 
Whan we speak of the position of a body in space,. we always 
imply its position Mlative in other bodies, If wC do- not 
mention Other bodies in our answer to a question concern- 
ing the position of A given hotly, the question wilt lack; 

SB Elf! bi- 
ll nw a Body Really Moves 

H follows that ihfl concept of "‘shifting oF u body in npace 17 
is also relative. f[ we say that Lb e body bae shifted in spare, 
we mean that ll merely changed its position ral&Ljvg Lo 
other bod Eos, 

If we observe the. motion of a body from variola points 
that alter their relative poaitiofts, wo shaft noiioa ibat ii& 
motion varirat. 

A Stono dropped from a flying plana fallg. in S straight 
line relative to the plane, hut describes a curve f known as 
a parabola relative io ths Earth, 

IIow does the stone travel In reality? 

There is as little SCttsO in that question £S there is in 
the otiO about the angJo at which the M.OOU is seen in real- 
ity. If observed from the Sun, or from the Earth? 

Tho geometrical shape of the enrva along which a body 
moves is just as relative as the photograph of a building. 
Jtiat sa wo obtain different photographs when we snap a 
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building from the front and from the r&ar, so do wO get 
different curves when following the flight of a stone from 
different points. 


Are AM Points of View Equivalent? 

]f we Limited our interest when observing the motion of 
a body in space to a study of the trajectory (tho curve along 
which the body moves)., we would bo guided in our selection 
of a place of observation by considerations of convenience 
and simplicity. 

A good photographer* when h^ seEodS spot for hEs CM ft- 
era a is concerned, among otkftr things, with the Aesthetic 
aide of his picture, with it? composition. 

Bui in studying the motion of bodies in spare eur Inter- 
est ia broader. Not oniy do we want to know the trajectory, 
but also to predict ihc path oi a body in the given condi- 
tions, ie Other word*, we waul tn know tb# lawe governing 
its motion— Ihfl laws that induce bodies io move nue w?y 
or another. 

When we examine the relativity of motion from this point 
of view, w-T: Find that not all positions in epacc are equiva- 
] Allt. 

If wo ask the photographer to ^nap us fer an idesLllEca- 
tion card , it is our fucu that WO went pbotOgrapELod , aud 
COt the back of our head, which deLrrmLnus the position 

If 
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] u space from which he ph^>iaj0rr-fiph?3 ns P No other position 
would meet otar roquirejiiejat. 

The Stale of Rest Is Found! 

The motion of bodies is influenced by external Iotcbr. 
A close cta ml nation of this intiuenea will provide up with 
an entirely new approach to the problem of motion. 

Let us assume that wo have a body at our disposal which 
is not Influenced by finy enlOfoal forces. This body will 
move in e different, more or lass bizarr* fashion, depending 
on the point of our observation. But it is obvious that the 
most natural position For the observer will be the ®na in 
which the body is simply lit rest. 

We can therefore now give a totii ptti tidy new do Edition 
0-F the stfitfi o! reet r irrespective of the mo Yemeni of the 
gj voji body relftUvo to fl-lber bodies. Thu?, a body free from 
the influence uf &ny OJilorcial force ig in a State of mat, 

JftOftiol Krflmp 

How can we bring about a stale of rest"? When nan wa 
ha si] re that s body is eloI influenced by sny extraneous 
forces? 

For 1 ]i^ t purpose! we must take that- body as far away as 
wfi can from all the ulhcr bodies that might affect it. 

We could 4 in our imagination, build a laboratory — fi 
fro me— of sue I i inertial bodies t and discuss tho properties 
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of motion in observing it from this laboratory, which we 
would consider to ho in the stale of rast + 

IF Ilia properties of motion observed m same other lab- 
oratory should differ from the properties of motion observed 
in our ffiboratory, wb would bo warrsuted to say that the 
Gist laboratory was moving. 


III# Train Move? 

After we establish that molloj] in moving laboratory m 
governed by laws different from those that prevail in tbs 
inert L-i l oflOi the concept of motion wall eeCm to have lost 
ite relative character, Wft wunl-d then only have to imply the 
motion of relative inertia find refer to it flfl nhsnhLbn. 

But will the laws prevailing In an inertial I shore Lory 
chfiEigfi in every case when the laboratory is moved? 

Let US board n train moving in a straight linn fit a uni- 
form Speed find observe the behaviour of bodies inside the 
carriage, comparing it with Hbfit in a motionless train. 

Our daily ex pcricnee tel Id Ud Ihfit in fi train travelling 
si a constant speed along u straight lint tho motion of 
bodies is the sump as in s stationary train, A bell boosed ver- 
tically iulo the fiir in a moving train will in variably drop 
back into yum bands rather than describe a curve br shown 
on page 20. 

If we discount the jolting that is inevitable for technical 
reasons, everything inside a moving train behaves fis il 
the train were Jit rest. 

It is a din&rent thing when the train reduces or increases 
its speed. En I he Grsl CflE* wa experience a jolt forward 
end in ths second a jolt backward, quite distinct from a 
State of refist- 

If a trefn moving with a uniform velocity changes Jla 
direction we also feel it fit once. At a sfaerp right turn we 
will be presE-ed against I, ho let l- side of the carriage, and 
vice versa aL a left turn, 

Summing up, we come to the conclusion that a* long as 
n certain laboratory moved uniformly arid rrctsfincarly 
relative to another Laboratory that id in a slate of reRt, it 
is impossible to ehserve iu it deviations from the behaviour 
of bodied tn the latter laboratory. However, «s won as lbs 
mol leu cF tic moving laboratory changes ^acceleration, 

]■ 



deceleration, chango uf direction) the uflecl is i ile t an 1 1 y 
fell in Lhe Lh^Hhi v iour of liie bodies i il iL 


The State of R«l Is Lw | For Ever 

The amazing fuel. thel a laboratory in uniform rectilin- 
ear motion has no effect upon the behaviour of fhe bodies 
in it, compels m to revise our conception of the state of 
re si. 3 l develops llml the atate of hsl and the slate of uni- 
form and recti] i near motion do not differ. A laboratory 
which moves uniformly and recti linearly relative to the 
one that ee in a state* of rest may itself be considered En a 
state of refit. This means that there ie not one absolute 
state o f rest, hut a Guiltless number of various “states 
of rest". Heuco, I best is a count! use number of labora- 
tories “'Lu a stale of rest*', all of ibem moving uni- 
form iy and recli tin&irty relative to each other at various 
speeds. 

SEaco the state of rest is relative and not absolute, we 
have Uj mention ovary Lime In relation to which of the 
countless laboratories moving uniformly and reCli linearly 
relative to each other wa observe file given motion. 

Tbus n wo have failed re make motion en absolute concept. 

In relation to whul “state of real” wo observe ibe motion 
is a question that is for over open. 

We have thus come to the most important law of nature h 
usually called Hi* principle of relative Tnoljoo- 

It says that the motion of bodies within frames that 
move uniformly end recta linearly relative to each other id 
governed by the same laws. 
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The Law of [lierliH 

The principle or the rolatlvfty nf motion Rletns ihml 
a body which is not noted upon by an external force may he 
either in a. state of rest or in a Elate uf ruolilanour and uni- 
form motion— fi condition which physicists call the law of 
inertia. 

However^ in our daily llfo the operation of this law Id 
veiled and does not directly manifest itself. By the law of 
inertia a body in a state of uniform and rectilinear motion, 
should ret-ftilL iti motion for ever if no external forces act 
upon it. However, our observations show that even if we do 
uot apply force to e body it is hound to come to a standstill. 

The toy to lbs riddle lie* in the Eaot that ell the bodies 
we see eip&rionce the effoct of certain external forces— 
the forces of friction. The condition wo o otd in order lo 
observe the lew of inertia — absence of external forces act- 
ing u |>on the body— is. unavailable. However, by improv- 
ing the conditions of tb-e ajrperitrient, i.e., by reducing 
the forces of friction, wo may approach the Ideal condition 
rEM|i.iir^d to observe the law of inertia, thereby proving that 
this law ts nisei valid for motions observed in our dally 
life. 






The dia-Covory of the principle of the relatJvlty of mo- 
turn ig. nne of mnu^ greet-ait discoveries. Physics would 
nevoi have been oblo io develop without it. Wo awe this 
discovery to tho genius oE GsEllw, who tiddly opposed 
Arista tlo's teaching, dominant at the! timo and Strongly 
supported by the Catholic Church .. Accord log to Aristotle 
motion wiJU possible only if force was op plied end would 
inevitably £«U3C without it- Cali loo proved the vary con- 
trary in a number of brilliant es peri ra on is . He showed 
that Et waa friction that brought moving bodies, to 5 Slflnd- 
Slill. and that a body once put into motion would keep 
moving for wor if there wt-ro no- friction. 


Velocity Is lleliiiivc h Too! 

It follows from the principle of the relativity of motion 
that the uniform and recti linear luoIllui of 0 body moving 
Ot 0 certain velocity is a msaaiugleas concept, unless we 
specify Lis rotation to which inertia [ frame that certain 
velocity Is measured. The seme may be said about the con- 
cept nf longitudo if we do not slate from wbui meridian It is 
fu bo mouBiiral. 

thus Lind 1 Km l velocity is also a relative roncopt. 
IT wp determine lltn velocity of unc cud tbs soote moving 
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body relative to dlloront SnertEal frames we will got diBer 
ent results* 

Yet each change of velocity, whether aocelereUon 1 de- 
celeration or ehauga of direction, la absolute in meaning 
nnd do« nut depend on the position of the frame from which 
we observe it. 


Chapler Three 

THE TRAGEDY OF LIGHT 


Light Does Nat Props ua Le Instantaneously 

We ]|jvO convinced ourselves of ihe principle f A UlO re- 
lativity o f motion and of the existence of Q Countless num- 
ber ot “ineriial" frames. In the latter the laws governing 
the motion of hod lea are similar. However n there exists 
ra hiild u[ met Lon which, at TL [■ :- 1 fiance, CGlllradkls the 
principle we have establ ished above. El is the pro pa fa lion 
of light. 

Light does not propagate instantaneously, although, J e'l 
deed, its velocity h tremendous— 3OOj0OD kuii’sed 

This colons Eil velocity is hard tu conceive, since in our 
everyday experience* we usually deal with far laager speeds P 
The *pi?cd of the latest Soviet space rocket, for 
example, Ls a mere 12 klftte&D. Of alt UaG bodies wo ded 
With, the Earth has the greatoat speed in eLs rotation round 
the Sun- But oven so, the speed of the Earth is only dO 
km /sec. 

Can ih* Velocity of Light Be Changed? 

The cotoRsal velocity ot light propagation is something 
very Extraordinary lu itself. Much more striking Js the 
factlk&l this velocity is strictly GODSUIlL, 

You can always acceloreto Or decelerate the motion or 
a body arti fscj a 1 1 y, Even of e ballot. All you need tn do is 
to piece e bos of sand in its path. Raving pierced the box 
the bullet will lose Lta velocity 

It ts differenl wiLh lEghtr The velocity of a bullet He- 
penda largely on Uio design of tho rifle it is Iked from and 


the prupertte^ of gunpowder, while the speed of light is 
always the Sfijne no matter what its source, 

LeL us place -i pi a to of gla&a in the path of 4> beam of 
light Since Lhc velocity of tight in floss is Ices than in 
vacuum, the boa ft l will travel aIqwc r. However, having 
pflft.nDiJ through the gl!*SS, the light regaina the apeed of 
m r m km/aeci 

Light propagation in vacuum, as dtsSSriCt f ro-cn all other 
kinds of n'i nt Eon r has a very imparts nl property -il cun 
neither bo accelerated nor deooler-sted Whatever changes 
the beam of light undergoes in Q]alter r it propagates with 
the same velocity as soon as it emerge into vacuum. 


Light and Sound 

In this respect the propagation of light reminds us mere 
of sound propagation than of the usual motion of bodies. 
Sound is thfi vibretio&i of the medium in which it propa- 
S?ati?a. The ref turn. Lhc \olocity of sound depend* 0T1 tho prop- 
erties of the medium and not On the properties of the SOUnd- 
produdblg body: sound velocity cannot bo IncreasiMJ 
Or docre&Hjd uuy more llLan light velocity, -even by passing 
the sound through other bodies- 

If wo place u metal barrier in its patli r the sound will 
change its velocity inside the barrier n but as- soon as Et 
emerges agaEu into its initial mtdlftrti It will regain its 
Initial velocity . 

LoE U: : pi lire an electric bulb and an electric bell under 
Ihe glas^ hood of an air pump and proceed to f>ump out 
the air frCn] under Ihe hood- Tlitt sound ol the Tj-n-l I wEll get 
weaker tmd weaker; until it batOiEies altogether toaucllblo- 
I'ke bulb, an Lhc contrary, wilt radiate light as usliflL 

Thia e i pprE m p n l proven that- sound propagates in a ma- 
terial medium, while light propagates even in vacuum. 

Therein lies their essential difference, 

Thr Principle oF Relativity of Mo Hun Scums lo Ec Stated 

The rglcsaal but not infinite velocity of lighl in vacuum 
brings us into conflict wjih the princEple of relaliviiy of 
motion 

Imagine a I mi a hurtling atony et a tromenduus speed of 
2-4D r OOt> km /see. We are riding En the head carriage, aiul mi 
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electric buFh is 5-wl I -c li r r3 an In Fhr la I] cam ago Lrt il:- 
see what results wo w^old get if we measured the time 
necessary For the I j gh L to travel from one ood of the train 
to th# uMicr. 

ft would! seem that this tamo Would differ From the ono 
we would attain if the train wore at rest. hi dead, relative 
to a train moving at 240,000 knij'sec the liRht should travel 
at a speed of only 300,000 — 240,000 - 60,000 Icm Jsec- It is 
iw it th? Hght \m to catch up with the head carriage If we 
place the 1 j U F b ftt the head of the trftiu and i£LMsure the time 
necessary lor the light to reach the tall carriugC, it would 
seem 4 hat Its velocity in ih$ direction opposite to the move- 
ment oE the train should he £40. fJOO --300,000 540,000 
Icdi.'sec. Che Jighl and lllti IftSt carriage tdOVe toward a each 
Other. 

Tbua, it upptsafE that in. a moving train light ihould 
propagate al different velocities in diFFerent dirtCtEdfia, 
whflft hi a train which is at a stands**!! the velocity uf 
light is the n^me In holfc directions,. 

It is quite dEFFerent with ft bullet Whether fir*d Fn the 
direr Ljon of tho trum'i movurruml or against it-. UlO velocity 
of the h u Flu L relative to the waits nF a carriage will bo this 
same --equal to the hu [let's velocity In an un moving train, 

Tho fflot is that tho 
velocity of ft bullet, de- 
pends on the speed nf 
the rifie^ while tho ve- 
locity of light, as wC 
hftvo already said, does 
mot change with the 
change In the Speed at 
which the bulb iu trav- 
elling. 

Our argument seeans 
la demonstrate that the 
propagation of light r.on- 
trasta sharply wsth the 
principle of the relaliv- 
iiy of motion. A bullet 
Dies ftl &iw and the sa- 
me velocity relative to 
s moving train altd a 
train at rest, while in o 
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train Iravellangat 240,000 km/sec light apparently propft 
gates five limes, as slow in ulie direction and I % limes ,*■■ 
Fagt In rhe eppo&ite direction Hd iu im U nino-v r ng trliJn 

1 1 would seen) that 4i study of light propagation should 
enable ns to establish the absolute speed aF a moving train. 

There lh hope that we might eslshlinh the c.oncepl nf Sins 
absolute slate- of rest by means of the phenomenon of light 
prnpftgritiQn- 

Tbe fnme In which light propagfttis in till directl^nd 
aE the jamfl constant velocity. 300.000 km/Eoc, may be sftid 
to be in ft E ta to of absolute rest. In any other frame which 
moves' uniformly along a straight line relative in the first 
one, the velocity nF Eight should b* dlfivrenl En different 
dEr*eii<m, in that coso relativity of motion, relativity of 
velocity, and relativity oE the state -of rest, wELich wo have 
established above, do not eiisl. 

The Ether nf 

How is i Ins to bo conceived? At one trine pfjy^icisls ap- 
plied the analogy between ihe pbonO&lftnft nf sound end 
light propagation to introduce a special medium, which 
they called eUif-r, in which light propagated in iImp ,h;i rn l= 
way as sound ire. v oiled in air, They Assumed that bodies 
moving through other no more propelled the letter than 
a floating box Edado of narrow slats oF wood pro pel s the 
water, 

If our I rain is motionless rofaliva to the ether, thr-n. light 
will propagate in all directions wiLh the same veloctiy- 
The motion of tho train rolattvo to the ether will mani- 
Fest ilaolf at once iu the EaCl that UlO velocity of El gilt will 
be different for different directions. 

However, this introduction of ether H n medirj]|i whoso 
vibration we observe In the form of light, given rise lu a 
rujiuber of p&Entcd questions. To begin wlth n tba hypothesis 
itscEf le obvleuEly nfHEoiftl. ludood, wo oftn study the |iro- 
pcrties of air not orily by observing the propagation of 
sound iu it, but also by various physical ;i n ■ I chcLdifflil 
rnothed^ of research. Meanwhile, due to some oiysterltKia 
reason, ether tabes HO J^arl in most of the phenomena- Air 
d anally -and press ore ure easily measured hy the crudes* 
Methods. Yd all the aLlempta to Ic&rn sCuiOlhiug uf Eh? 
density Find pre^ura of ether came to nought. 


Tha poiiiiiDii \b rftlbcr ridiculous, 

AS] phenomena of N a l. u rO CflEi, nf conT&& r bu “GxpifliMd" 1 
by id trowing souls EpiNital liquid pftsgfiFaang ihs desired 
pTflpfltt-Lei. Rut the difference b&tvftttn the genuine theory <3f 
a phan-oiflOisCKL &flld a simple paraphrase ol u«e]( known facts 
with scientific terms I its pr wisely in the feel ULfll a lcL 
more follows from tbe theory than wa get fratn the frets 
on which it is based. Tak* n lor sample, the conception 
of a ICCd. It was through chemistry Ifcst it Wfl5 introduced 
into HciencO, bill eur notion about etoms enabled us to 
explain and predict si ijreat number ol pbotlOEniena having 
no relation to chemistry. 

The concept of ether ma^ be |astjfsah(y likened 10 ino 
explanation which a Sftvapre would bftvc given the gramQ- 
phona, tn the effect that a special ^gramopbooe spirit* was 
imprisoned in the mysterious bo*- 

Swch ‘"cspl a nations" explain rtOlhinp. 

Physicists had an unfartunMo experience of that l<tnd 
prior to ether There was & time wben they "e* plained " the 
phenomenon of CtimbuS-tioii by the properties of a E-pcti^i 
liquid whloh they called flogLstOP r and the phtliumenoci of 
heat by the properties of another liquid — heturodo. '1 hese 
liquids, by the were rn less filuslw than other. 

Difficult Sitnalinn 

But the mein difficulty lies in the fact that violation 
of the priaidple ot relativity ol motion by light piopa^ilion 
should have iucsCftpably led to the violation qF the same 
principle by all Other bodies- 

After ft! 1 P ftny medium offers reactance to the motiorj 
of bodies- Therefore, the displiMinont of bodies in other 
should also involve friction. The oiovemonl of a body should 
alow down ( and Emal]y it should come to a standstill* the 
state of rest- Meanwhile, the E«th ifl rotating round the 
Sun for many Ihouiands of millions of yeara (according to 
geological facts) and showas jjG trace of slowing down due 
to friction. 

Thus, by trying to explain tho slrange behaviour or light 
along a mnvlng train by the prisenCe of etb^T we have si urn - 
bfrd into a blind alley. The notion about ether does not 
eliminate- the contradiction between violation of the prsn- 
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ciplc of r&letJvity by li^bt and observance of it by ell other 
motions. 

Expcrinmnr Should Decide 

What (S t(> bn done with this CQIi tra.il Lotion? Before- voic- 
ing OUT considerations on. Eh score lot us turn to Lite foi- 
Jowjng circumstance. 

The contradiction between 1J gilt propagation and tiie 
relativity of motion lias dean derived tiv uS exclusively 
through a mental Construct La n. 

It is true, we ropes t, that this construction was very 
convincing. Bui if we confine ourselves to reason] :ig uJonu 
wv shall liken nursolvta to an ancient philosopher who 
triad to produce the laws of Mature out of libs head. The 
inevitable danger arises that the world Ulus construed may 
041C (by develop to he very much unlike the real mo, 

Experiment is the supremo judge oi nil and every physic- 
al theory. Therefore, riot confining ourselves to arguments 
as la how light propagates in a moving train, wo shall 
turn to experiments showing how it actually propagates 
in th-oiu conditions. 

Our esyerimnnl is facilitated by the fact that wfl cur- 
sives live on a moving body. Rota Ling round the Sun, the 
Earth does not move atari g a straight Ji|jO and cannot there- 
Eore he in a perm anon l state of rest ml a live to any other 
frame. 

Evuel .f we take a frame relative Lu which the Earth is 
motionless in January, it is certain to bo in motion in July, 
si nee (he direction cl the Barth's rotation round (he Sun 
changes. THereTofe, studying light propagation on the Earth 
we, in fact, study it within A frame that moves at a spaed 
of 30 km/sec, Homolhliig quito considerable tn onr con- 
ditions. The rotation of the Earth round its asia of the 
order of nearly half a kilometre per second may be ignor 
od- 

Are we justified, however, to liken our glulja to the mov- 
ing train which wo discussed above mid which Jed US Into 
a blind alley? Tho train moves; in a straight line with u uot- 
form velocity, while tho Earth's motion in orbital.. Yes, 
Wo are justified to du So. The Earth may well be considered 
1o he moving uniformly along a Straight line in that 1m 
hnilesimai Traction of a second which it takas light to 


I?9SS through tho |it>SDtH- of observation^ Thu ntargin nE 
error m *0 very iuidgnllicont that it cannot he delected- 

But slnCU we have ILkeuEd railway train aud Earth, 11 
would be nature l to expect LhM light on tho Eflrth won id 
behave just as strangely ^ Jt did in our iraiu, a c . , _iJmt it 
■won] (I fprn nut to he- i-n ditlarenl directions ilL different 
velocltics- 

The Principle of RolsUlvilj Triumphs 

An exprrim-unt 01 tins kind wuS made in 1^31 by Albert 
Mlobelsoii , one of the i9th^ntury greatest Experimented 
who measured, villa jl high degree of accuracy, the velocity 
of light travelling in different directions- To detect tho 
expected Blight dilCortnc^ in vetoes ty MicholHon used vary 
precis* and ingenious cxpOi i mentn] equipment. The fleou racy 
of his experiment ^a& ec high that he would have hEEIl able 
to detect far smaller difference* in velocity Lb an the tllt- 
tmiputed ones, 

The Michalson experiment, la ha! repealed under various 
conditions, led Lo quite unexpected results. In a moving 
frame light propagated guile differently front wbat. we hud 
inJuLTedr Mh.heisojn discovered Ltiat nn the rotating Faith 

light travelled in sH dl reel ions *t the aa mo constant voi- 
ce ily. In this respect, light propagation reminds us of the 
flight of a hull el: It ift independent of 1lH L mnLioii of Iko 
frame end its velocity relative to the mills ef ihe frame 
is the Sttme in nil directions- 

Michufeon's experiment thus proved that coni rjrp (o 
our inference Ihe phenomenon of Light propagation, far from 
<! 0 ]ii 1 rcidieticift P fully agTtf&S with the princapi-e of relativity 
uL motion, lilt other wordd, all oor reasoning on page ^ 
turns Out lo be erroneous. 

On! of the Frying- Fan into the Fire 

We have cast oS the uneasy contradiction between the 
taws of light propagation and iha principle al rcSativLty 
Of motion. The contmdjcl iori was only d seeming one ilite to 
our H-croneCHiR reasoning. Why did WP make our mis- 
take? 

For nearly u punHel* of e century, from 11131 to 1905, 
physicists racked their brains over this problem. Yot all 
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their explanations inevitably led to new contradictions 
between theory end practice. 

If the source of sound and the observer travel in a i:*ge 
made of llaJn rods, ihe observer will feel a strung wind. 
It wo mea^ura sound velocity relative to the ^agOi 1L will 
be less in the direction of motion nf the cage than in Uie 
opposite direction. However, suppose WC place the source 
of sound in a cutr-nage in winch all the windows and door* 
ate tightly shul aud measure its velocity. We shrill discover 
that since the air JnSsik flic carriflflE ia not ultaeted by Ihe 
mnvemcnL of the carriage, the Speed of SO-UPld in it will be 
the same in all direction*, 

IF we take light instead ol sound, wu could make the 
Following assumption to explain Mlchcbon's oxporlmeut. 
The Earth derts nel leave the ether undisturbed, as docs the 
cage of thin rods^ when hurtling through spoCE- On the 
17.0 li Lr* ry , l^t u s as SUITE that tho EarLli carries tl]E ether 
altlug with it„ and that in ita muTemenl It comprises 
a single whoJo with the ftlhEr. In lhal casa ihe outcomo 
of Michelson-S *j£pmmefcit would be quite uuderstand- 

shlo- 

Hul this asisu nipt son coiiflict^ with a gsml Jjianh#r of 
Other experiments, swii, for example , as ptu pagatloil of 
light an W^lor slowing through A in he. 1£ our a^umption 
about other being cori'lEd ntonys hy the Earth were right r 
then hy measuring Lhc velocity cd M jjl.it in Ihe direction of 
the Flow we would obtain a volocity equal to the velocity 
of I i gb t in in rit ionlos* wa ter plus L be vol oci Lv u F the w ale c 
flow. But a* a result of our roea^Lirements we gel a lower 
^Jocily than we Khonld if Our assumption were riRht. 

Wo have already mentioned the sxlreuudy SlrahgEpEiO- 
nuLnenon of bod ies not Experiencing nny fraction lo Spcnk of 
when p easing through Et|irr s But 3f they not only pass 
through ether but carry it along with the mu the friclion 
should ho greater. 

Thus, ill I ^ Iti'Tii p t* to p^?5 ov#r the contradicliun that 
cro*^ after Lhu unOa[!iiCt#d outcome of M ichelsou ' £ ex peri- 
mEiit failed, 

Lttt us som up- 

Mii:hobOn"s EXporimElH reconfirms the principled of i'e- 
lalLvily of motion nol oaily for ordilfcary Bodies, but alsu 
for lifthl propa^stion and, Jiencti, For a L i ontu^l pbEnom- 
Etia. 
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wa have already Stfin h the rulatlvlly ol velocity slerru 
directly frojo lha principle ut relativity of molJon, Differ- 
*i\t frames movijig 1 reSalivi? Lo *acIl oilier f I i-ou 1 iJ ilifFor- 

OdHsfwccK Hui n on Ww other hand., li^ht velocity &I3Q0*IKW 
km/aei: is like sajiie For ill the frames Therefore, il is absol 
ia t up and not relative! 


Ch-apler four 

TIME IS RELATIVE 


\i ThfrrC Tlc-ally n Contradiction? 

At first glance il may seam t.bAt wc ere dealing with a 
purely logical contradiction. The constancy of the velocity 
of light propagating in alt directions is ample proof o f Lhe 
principle of relativity, At the same time, the velocity it- 
self ia ebaotute, 

E -i L L us recall, however, how the medieval mao tree tod 
the fact that Lhe Earth was round- To biro the roundnuSS el 
■ the Earth conflicted with the forte of gravity! since ha 
thought that all objects had to roll “off” the Earth's sur- 
face, Yet we knew per f nelly well that there Is na logical 
conflict st alt.. Simply, the concepts of “op" and “down” 
are relative, and not absolute. 

The saute holds true for the propagation of light. 

It would have been futile to look for a logical contradic- 
tion between the principle of relativity of motion and 
the absoluteness of the velocity aT light. The contradiction 
appears when we introduce- other assumptions, much in the 
way people In the Middle Ages bad done when they refuted 
lhai the Earth was round by treating the concept nf “up 11 
and "'down 1 ' as an Absolute concept. Their absurd belief 
stemmed from insufficient experience? people travollod very 
litlltf St tho lime and knew only small SFeas of the Earth's 
surface. Evidently, something similar happened lo na: our 
[□sufficient experience Ift&do us believe something relative 
lo be ahsulnto. 

What? 

r |’o spot Our mistake we shall from now on accept nothing 
hut pro pod l ions based un experiment. 


Boarding a Train 


Imagine a train 5,400,000 km long moving with a uniform 
velocity of 240,000 km/sec along a straight line. 

Suppose a lamp is switched on at some given instant of 
time somewhere in the middle of the train. And suppose the 
automatic doors in the front and rear carriages open the 
moment the light of the bulh reaches them. What will the 
people on board the train and those standing on the station 
platform see? 

In answering this question we will, as agreed, abide 
solely by experimental data. 

The people in the middle of the train will see the 
following: since, according to Michelson’s experiment, 
light travels relative to the train at the same velocity 
in all directions— 300,000 bm/soc, it will reach the rear 
and front carriages simultaneously, 9 seconds later 
{2,700,000 : 300,000) and both doors will open at the 



same time. 

Relative to the station platform the light also travels 
at a speed of 300,000 km /sec, but the rear carriage moves 
to meet the light beam. Therefore, the beam of light will 

reach the rear carriage afEsr ^ a40 0QQ r = ^ ^-Cends. 

The beam must catch up 
with the front carriage 
and, therefore, will reach 
it 45 seconds later, 
2 , 700*000 

300.000 — 240+000 ' 

It will seem to the 
people on the platform 
Lhat the doors open at 
different Limes— the rear 
door first and the front 
door 45 — 5=40 seconds 
later. 

Thus, two absolutely 
i d ent ice I e v ents —open ■ 
ing of the front and re- 
ar doors of the train — 
will happen at the same 
time for the people on 
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hoard the train and with a 40-second interval for those on 
Llie platform. 

Contrary to Common Sense? 

Is there any contradiction in this? Perhaps the fact we 
have discovered Is as absurd as saying that an alligator 
measures two metres from head to tail and one metro from 
tail to head. 

Let us try and see why the result we have obtained seems 
absurd in spite of the fact that it conforms with experi- 
ments. 

Hard as we may think, we shall never find any logical 
contradiction in the fact that the two phenomena which 
happened simultaneously for the people in the train were 
40 seconds apart for the people on the platform. 

Our conclusions are a howling contradiction to “common 
sense”, that is the only thing we can say to console our- 
selves* 

But remember how the “common sense* 8 of the medieval 
man revolted against the fact Lhat the Earth rotated round 
the Sun? Indeed, the medieval man's experience told him 
indisputably that the Earth was standing still and that the 
Sun rotated round iL And was it uot “common sense” that 
we have to “thank * for the ridiculous proof that the Earth 
could not be round? The conflict of “common sense” with a 
real fact was ridiculed in a well-known joke about si cowboy 
who exclaimed, “It can't bel” when he saw a giraffe in the 
Zoo, 

So-called “common sense” Ls no more than a summing up 
of the concepts and habits formed in everyday life. 

ft represents a certain level of apprehension reflecting 
the extent of our experience. 

Thu difficulty of perceiving and understanding^ that the 
two events occurring simultaneously on the train are 40 
seconds apart when seen from the platform is very much like 
the difficulty the cowboy had when he saw the giraffe. Like 
the cowboy had never seen the animal, so have we never 
travelled at speeds anywhere close to the fantastic speed 
of 240,000 km/sec. It is not surprising that physicists en- 
counter such fantasise speeds since they observe facts which 
considerably differ from the things we are accustomed to 
in our everyday life. 




The unexpected out- 
come of MicheLson’s ex- 
periment furnished phys- 
icists with new facts 
and forced them to re- 
examine— in defiance of 
“common sense”— such, 
it would seem, obvious 
and commonplace con- 
cepts as simultaneity of 
two events. 

it would have been 
simpler* of course s to 
deny the new phenome- 
na on the grounds of 
^commOfl sense”* but if 
we did* we would liken 
ourselves to the cowboy 
who wouldn't believe 
his eyes when he saw 
a giraffe. 


Time Shares the Fate of Space 

Science does not hesitate to come into conflict with so^ 
called "common sense”. What science fears most is incon- 
sistency between existing concepts and new experimental 
data* and if ever that occurs it smashes the existing con- 
ceptions and raises our knowledge to a higher level. 

We thought that two simultaneous events were simul- 
taneous within any frame. Our experiment proved, however, 
that we were wrong. It applied solely in the case when the 
frames were in a state of rest relative to each other. If, 
on the other hand, two frames were in motion relative to 
each other, the events occurring simultaneously In one of 
them should be regarded as occurring at different times in 
the other. The concept of simultaneity becomes relative; 
it has sense only if we specify the motion of the frame in 
which the events are observed. 

Let us recall the example of the relativity of angular 
distances on page 11. Let the angular distance between two 
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stars observed from the Earth be zero, due to the two stars 
being aligned. In our everyday life we shall never come 
into conflict with the assumption that this is an absolute 
truth. It is different if we go outside the solar system and 
observe the same two stars from some other point in space* 
We would find the angular distance quite distinct from ^ero* 

The fact, quite obvious to our contemporaries* that two 
stars which are aligned when observed from the Earth may 
not be aligned when observed from other points in space, 
would have appeared absurd to the medieval man who 
conceived the sky as a cupola sprinkled with stars. 

Let us assume that we were asked whether, apart from 
frames of all kinds t the two events really occurred simul- 
taneously. Unfortunately* this question has no more sense 
than the one 1 whether* regardless of all points of observa- 
tion* the two stars are really aligned. The fact is that si- 
multaneity depends not only on the two events but also 
on tbe frame from which we observe them, just as align- 
ment of the two stars depends not only on their position* 
but also on the point from which they are observed. 

As Jong as man dealt with speeds that were insignificant 
compared with the velocity of light, the relativity of the 
concept of simultaneity was unknown to him. It w r as only 
when we examined motion at velocities comparable to tbe 
velocity of light that we were compelled to re-examine 
our concept of simultaneity. 

In the same way, people had to revise their conception 
of *up” and “down” when they began to travel over dis- 
tances comparable with the dimensions of the Earth, Before 
that the conception of the Earth being flat had not* of 
course, conflicted with experience. 

True, we are not able to travel at velocities anywhere 
near the speed of light and to observe all the facts we have 
just discussed, which are paradoxical from the standpoint 
of our old concepts. But thanks to modern experimental 
techniques we are able to reveal these facts conclusively in 
a number of physical phenomena. 

Time thus shares tbe fate of space! The words "at one 
and the same time” are just as meaningless as the words 
M in one and the same place”. 

The time interval between two events, like distance be- 
tween them in space, has to he supplemented by a reference 
to the frame in relation to which St is defined. 
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Science Triumphs 

The discovery that time is relative radically changed 
manr's ideas about Nature. It represents one of the greatest 
victories of human reason over backward centuries-old con- 
ceptions, It is comparable only to the revolutionary change 
occasioned in human notions by the discovery that the 
Earth is round. 

The discovery of the relativity of time made in 1905 
by the greatest 20th-century physicist, Albert Einstein 
(1880-1955), placed him, then a 25-year-old young man* 
among the giants of human thought— -Copernicus, Newton 
and others, the trail blazers in scieoce. 

Lenin called Albert Einstein one of the “great trans- 
formers of natural science 51 . 

The theory of the relativity of time and its corollaries 
are usually known as the special theory of relativity. It is 
not to be confused with the principle of the relativity of 
motion. 


Velocity Mas Its Limits 

Before the Second World War the speed of aircraft was 
for below the speed of sound. Today we have supersonic 
aircraft. Radio waves propagate at the velocity of light. 
Could we perhaps create "superlight" telegraphy to send 
signals nt velocities greater than the velocity of light? 
No t that is an impossible thing to do. 

Indeed, if we could transmit signals at infinite veloci- 
ties we would be able to establish simultaneity of any two 
events synonymously- We would say that these two events 
happened simultaneously if the infinitely fast signal about 
the first event arrived at the same instant as the signal 
about the second event. Thus, simultaneity of the two events 
would have acquired absolute character independent of the 
motion of tho frame to which this assertion applies. 

But since the experiment disproves the absolute nature 
of time we conclude that signal transmission cannot be 
instantaneous. The velocity of transmission from one point 
in space to another cannot be infinite; in other words, it 
cannot be greater than some finite value, called the limit- 
ing speed. 
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This limiting speed concurs with, the light velocity. 
Indeed t according to the principle of the relativity of 
motion the lews of Nature will be the same for all the frames 
of reference moving relative to one another (with a uniform 
velocity along a straight tine)* The assertion that no ve- 
locity can be greater than the given limit is also the law 
of Nature and> therefore, the value of the limiting speed 
should be exactly similar in different frames of reference. 
The light velocity, as we know, possesses the same qualities. 
Thus, the speed of light is not merely the speed of propaga- 
tion of a natural phenomenon. It plays the important part 
of being the limiting velocity. 

The discovery of the existence in the Universe of the 
limiting velocity is cue of the greatest triumphs of human 
genius and of the experimental capacity of mankind. 

In the 19th century physicists were unable to perceive 
that the limiting speed existed and that its existence could 
be proved. Moreover, if they had stumbled upon it by chance 
in their experiments, they would not have been sure that 
it was a law of Nature and not merely the effect of their 
limited experimental capacity. 

The principle of relativity reveals that the existence 
of the limiting velocity lies in the very nature of things. 
To assume that technological development will enable us 
to attain velocities greater than the velocity of light is 
just as ridiculous as to suggest that the absence of points 
on the Earth's surface more than 20 thousand kilometres 
apart is not a geographical iaw P but the upshot of our lim- 
ited knowledge, and to hope that some day t when geog- 
raphy makes further advanceSp wo shall bo able to find points 
on the Earth that are still farther apart. 

Light velocity plays such an exceptional part in Nature 
exactly because it is the limiting velocity for the propaga- 
tion of anything. Light either outstrips all other phenom- 
ena, or at least arrives simultaneously with them. 

If the Sun split in two and farmed two stars, the motion 
of tho Earth would, naturally p suffer a change as well. 

The 10th-century physicist, who did not know that the 
limiting velocity existed in Nature, would certainly as- 
sume that the Earth changed its motion instantly after 
the Sun split in two. Yet it would have taken light all 
of eight minutes to cover the distance from the split Sun 
to the Earth, 
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The change in the Earth's rotary motion would begin 
eight minutes after the Sun split up. Until that moment p 
the Earth would continue to move as if the Sun had not 
split* Anything that may occur with or on the Sun will 
affect neither the Earth nor its motion until eight minutes 
later* 

The limiting velocity of signal propagation nciturally does 
not deprive us of the possibility of establishing simulta- 
neity ol two events* All we have to do is to note the time 
lag of the signal. That is the usual practice. 

This method of establishing simultaneity of action is 
quite compatible with the relativity of this concept. In- 
deed, to subtract the difference in time we must divide the 
distance between the two spots where the events occurred 
by the velocity of the light signal. On the other hand, when 
we earlier discussed the sending of letters from the Moscow- 
Vladivostok express train we saw that the location of a 
spot in space is also quite relative. 

Earlier and Later 

Lot us assume that in our train with the lamp, which 
we shall call the Einstein train, the automatic device has 
failed and people m the train noticed that the front door 
opened 15 seconds earlier than the rear one. Conversely, 
the people on the station platform will notice that the rear 
door flew open 40—15—25 seconds earlier. An event that 
occurred earlier in one frame, would take place later for the 
other. 

It may occur to us that this relativity of the concepts 
of “earlier" and “later 11 should have its limits. It is not 
likely, afLer all {from the point of view of any frame), that 
a baby was born prior to the birth of its mother. 

Suppose a spot is formed on the Sun. Eight minutes 
later it is detected by an astronomer observing the Sun 
through the telescope. Anything the astronomer does after 
that will be absolutely later than the appearance of the 
spot— ^ iater* from the standpoint of any frame from which 
the Sun and the astronomer are observed. On the contrary h 
everything that happens to the astronomer earlier than 
eight minutes before the appearance of the spot (the light 
signal of this event reaching the earth before the appear- 
ance of the spot) takes place absolutely earlier. 
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If t for example, the astronomer put on his glasses at 
some instant between these two limits the time relation 
between the appearance of the spot and the putting on of the 
glasses would no longer be absolute. 

We may move relative to the astronomer and the spot on 
the Sun in such a way as to observe the astronomer putting 
on his glasses earlier or later than or at the same time with 
the appearance of the spot, depending on the speed and di- 
rection of our movement* 

The principle of relativity thus demonstrates that throe 
types of time relations exist between events— absolutely 
earlier, absolutely later and neither earlier nor later, or, 
to be more accurate— earlier or later relations, depending 
on the frame of reference from which the events are observed. 


Chapter Five 

CAPRICIOUS CLOCKS AND RULERS 


We Board the Train Again 

We are riding in the Einstein train along an endless 
railway. The distance between two stations is 864*000*000 
km. It will take the train travelling at 240,000 kin /sec one 
hour to cover this distance. 

There are clocks at both stations. A traveller boarding 
the train at the first station sets his watch by the station 
clock. On arriving at the second station he is surprised to 
find that his watch is slow. At the repair shop he was told 
that his watch was in good order. 

What was the matter? 

To make it out, let us assume that the traveller sends 
a beam of light to the coiling from an electric torch placed 
on the floor of the carriage. *\ mirror on the ceiling ref- 
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lects tho beam hack to the torch. The beam path as seen by 
the traveller is shown in the upper section of the figure 
on this page. It looks quite different to the observer on 
the platform. During the time it takes the beam to travel 
from the torch to the mirror, the mirror itself will shift 
due to the motion oi the train. During the time it takes 
tho beam to travel back to the torch the latter will shift 
by the same distance. 

We notice that to the observers on the platform the beam 
clearly travelled a greater distance than to those in the train. 
On the other hand, we know that the velocity of light is 
an absolute velocity and that it is tho same for those rid- 
ing in the train and those who observe it from the plat- 
form. We conclude therefore that a greater time interval 
elapsed at the station between the departure and return of 
the beam than in the trainl 

The relation is easy to calculate. Suppose the observer 
on the platform established that 10 seconds elapsed between 
the departure and return of the heam of light. During these 
10 seconds tho beam travailed 300,000x10—3,000,000 km. 
It follows that sides AB and BC of the iso-sceles triangle 
ABC ore i t 500,000 km each. AC is evidently equal to the 
distance which the train travels in 10 seconds, i.e. ,240,000 x 
xl0=2,400 i n00 km. 

Now It is easy to find the height of the carriage which 
is equal to BD r the height of triangle ABC , 
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Let us recall that in a right-angled triangle the square o! 
the hypotenuse (jli?) is equal to t he sum of the squ ares of 
legs AD and BD. The equation V AB^=A D 3 +BD a help s 
us find that the height of the carriage BD =^YTaB* — AD 3 — 
Y X ,500,000*— 1 ,200,000*) =900,000 km. Quite a height 
that, although it is not too surprising, considering the 
astronomic dimensions of the Einstein train. 

From the point of view of the passenger, the path trav- 
elled by the beam from the floor to the ceiling and back 
again is obviously double the height, that is, 2 x 900,000— 

=1,800,000 km. It will take 1 ^ =6 seconds for the 

beam to travel this distance. 

Clock Paradox 

While 10 seconds elapsed at the railway station, only 
6 seconds passed on the train. This means that if the train 
arrived one hour after its departure according to the sta- 
tion clock, it travelled only 60X-^=36 minutes by the 

passenger's watch. In other words, in am hour his watch was 
24 minutes behind the station clock. 

It is easily seen that the greater the speed of the train 
the greater the time lag difference. 

Indeed* the closer the speed of the train approaches that 
of light the closer the leg AD indicating the path of the 
train approaches the hypotenuse AB indicating the path 
travelled in the same time by the beam. The relation of the 
leg BD to the hypotenuse decreases correspondingly. Yet it 
is this relation that represents the time relation of the train 
to the platform. By increasing the speed of the train to 
approach the velocity of light we can reduce the time in 
the train to an infinitesimal figure pel- hour of station time. 
At a speed equal to 0.9999 of that of light, for example, 
only one minute will elapse on the train in one hour of 
station time. 

Consequently, all travelling clocks and watches lag be- 
hind timepieces in a state of rest. Does this contradict the 
principle of relativity from which we proceeded in our 
argument? 

Would it mean that the clock which is faster than all 
other clocks is in a state of absolute rest? 
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No„ this is not the case because the comparison between 
the watch in the train and the station clock was mads under 
absolutely unequal conditions. Actually there were three 
clocks* and not two. The traveller had checked his time 
against two different clocks at two different stations. And* 
conversely, if there were clocks in the front and rear car- 
riages of the train* the observer comparing the station clock 
against those on the train as it flashed by* would discover 
that the station clock was always behind. 

Given that the train travels with a uniform velocity 
along a straight lino relative to the station* we are justi- 
fied to consider it to be stationary and the station to bo 
moving. The laws of Nature operating in them should be 
the same. 

Each and every observer who is motionless in relation 
to his timepiece will notice that it is other clocks moving 
relative to him that are fast and that the clocks are all 
the faster as the rate of their motion rises. 

This may be compared to two observers standing beside 
different telegraph poles, each claiming that the pole he is 
standing at is seen from a greater angle than the other's. 

Time Machine 

Now, let us assume that the Einstein train travels along 
a circular railway and not in a straight line. It will then 
return after a certain time to its point of departure. As 
we have already established* the passenger will discover 
that his watch is slow, and the faster the train goes the 
slower his watch will he. By increasing the speed of the 
train we may reach a point where only a day passes for 
the passenger while a number of years elapse for the sta- 
tion master* So many years may elapse* as a matter of fact* 
that on returning home to the station of departure after 
a day's journey (by his own watch), our passenger will 
learn that all his relatives and friends are long since dead. 

During this journey by the circular railway the time of 
only two timepieces is compared— in the train and at the 
station of departure. 

Is there anything in this that contradicts the principle 
of relativity? May we consider that the passenger is in a 
state of rest and that the station of departure is moving 
round the circle at the speed of the E instein train? We would 



then come to the conclusion thy t only a day passes for the 
people at the station, whereas many years elapse for the 
passengers in the train. This would be an incorrect infer- 
ence. Here is why. 

We have established above that a body may be considered 
stationary only if it does not experience the effects of an 
outside force. There is, it is true, more than just one slate 
of rest. There is a countless number of them! and two sta- 
tionary bodies may, as we know, move with constant speed 
along a straight line relative to each other. But the watch 
in the Einstein train speeding round the circular railway 
experiences the effect of centrifugal force, and we can- 
not, therefore, consider it to be in a state of rest. The dif- 
ference between the times shown by the clock at the rail- 
way station and the watch in the train is absolute. 

If two people whose watches show the same time part 
and then meet again, the watch of the one who was in a 
state of rest or moved uniformly in a straight line would 
be fast, for it would not have experienced the effects of 
any force. 

A journey on the circular railway at a speed close to 
the velocity of light enables ns to visualize Wells's time 
machine, if only to a limited extent, for on returning fi- 
nally to our station of departure, we would step out of the 
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carriage far into the future. We can go in the train to the 
future, but we cannot return to our past. Therein lies the 
big difference between the Einstein train and Wells's time 
machine. 

It is no use hoping that we shall ever be able to travel 
into the past, no matter how T far science progresses. If the 
reverse were true, we should be compelled io admit that 
truly absurd situations are possible in principle. Just imag- 
ine setting off into the past and landing in the utterly ab- 
surd predicament of a person whoso parents have not yet 
been born* 

Travel into the future involves no more than seeming 
contradictions 


Travelling to a Star 

There are stars in the sky which are so far away from 
us that a beam of light takes 40 years to reach them. Since 
we already know that it is impossible to travel faster than 
the speed of light, we can well draw the conclusion that the 
star cannot be reached in less than 40 years. However, this 
inference is erroneous, because we did not consider the time 
contraction involved in motion. 

Suppose we fly to the star in an Einstein rocket at a 
speed of 240, OCX) kni/sec- For people on the Earth we will 

reach the star in =50 years. 

But for ua + on board the rocket, flying time at the men- 
tioned speed will shrink at a ratio of 10 to 0. Hence,, we 

shell reach the star in 50=30 years, and not in 50. 

We can reduce this flying time indefinitely by raising 
the speed of our Einstein rocket until it approaches the 
speed of light. Theoretically, travelling at a sufficiently 
high speed we can reach the star and return to the Earth 
within a. minute! But on the Earth SO years will have passed 
just the same. 

To all appearances, we thus possess a way of prolonging 
human life, though only from the point of view of other 
people, since man ages according to w his” own tiipe. To 
our regret, however, this prospect is illusory if we take a 
closer look at it. 
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To begin with, the human body is not adapted to a state 
of prolonged acceleration exceeding noticeably the accelera- 
tion due to the Earth's gravity. It will require consider- 
able time to accelerate to speeds close to the velocity 
ol light. Calculations show that in six months of travelling 
at ait acceleration equal to that due to gravity our gain 
will amount to a mere six weeks. If we prolong our trip 
the gain in time will increase sharply. Twelve months in 
a Dying rocket will yield an additional gain of 18 months, 
two years ol travelling wiii give a gain of 28 years* and 
if we spend three years in interplanetary travel we will 
gain more than 360 years! 

Very comforting figures* don't you think? 

The maLter is less cheerful when we come to the expen- 
diture of energy. A rocket weighing a mere one ton and 
flying with a speed of 260,000 km /see fthe speed required 
to “double” the time* Le., for a year in the rocket to be 
equal to two on Earth) consume* ^0,000,000,000^000 kilo- 
watt-hours— an amount which it takes the world several 
months to produce. 

However that is only what the rocket consumes in flight- 
We still have to figure out how much power it takes to 
accelerate our vehicle to the speed of 260,000 km/sec. More 
over, at the end of the flight the spaceship will have to 


he decelerated for a safe landing* How much power would 
that require? 

it would still be 200 times as much as the amount we 
cited above* even if we had fuel enough to produce a jet 
escaping the engine at the highest speed possible— the speed 
of light. In other words* we would have to consume an amount 
of power that the world produces in several dozen years. 
Actually the jet escape velocity is scores of thousands of 
times less than the speed of light* making the power 
expenditure required for our imagined flight fabulously great. 

Length Contraction 

Time, as we have just seen, is not really an absolute 
concept* ft is relative and requires precise indication of 
the frame from which observation is conducted. 

Now let us turn to space- We found even before wo dis- 
cussed Mic kelson's experiment that space is relative. Yet 
despite the relativity of space we attributed an absolute 
character to the dimensions of bodies. In other words, we 
considered them to bo the properties of the body which did 
not depend on the frame from which we made our obser- 
vations* However, the theory of relativity forces us to 
abandon this conviction a$ well. Like our notion about 
time being absolute* it is a prejudice we have developed 
because we always deal with speeds infinitely smaller than 
the speed of light. 

Let us imagine that the Einstein train rushes past a 
station platform- 2*400,000 km long. The train travels from 

one end of the platform to the other sec- 

onds by the station clock. But by the passengers 1 watches 
it will take the train only 6 seconds. The passengers will 
bo fully justified to conclude that the platform is not 
2 , 400 ,000 k m bu t 240 *000 x 6 — 1,440 *000 km lo ng . 

The length of the platform, as we see, is greater from 
the point of view of the frame which is stationary relative 
to it, than from the point of view of the frame relative Lo 
which the platform is moving. All moving bodies contract 
in the direction of their movement- 

However* this contraction decs not prove at alj*that 
motion is absolute? the body acquires its true dimensions 
as soon as we view it from a frame that is stationary reL 
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alive to the body. Likewise, the passengers will find that 
the platform has contracted: while the people on the plat- 
form will think that it is the Einstein train that has become 
shorter (ratio of 6 to 10). 

^lor will this be an optical illusion- All instruments 
used for measuring the length of a body will show it too. 

1 el connection with this discovery wo must now correct 
the inferences we made on page 34 about the time it takes 
for the doors to open in the Einstein train. When we wore 
calculating the time when the doors open from the point 
of view of an observer on the platform, we assumed that the 
length of a moving train was the same as that of a station- 
ary one. Yet the train was shorter for the people on the 
platform. Accordingly, the interval between the lime the 
doors opened from the point of view of the station clock 

will actually amount to only ^-X40— 24 seconds* and not 

40 seconds. 

Naturally, this correction is not essential for the con- 
clusions we have made earlier. 

The figure? on page 52 show the Einstein train and the 
station platform as seen by observers at the station and in 
the train. 

We see that in the figure on the right the platform is 
longer than the tram and in the one on the left the train 
is longer than the platform. 
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Which one of these figures corresponds to reality? 

The question is senseless, just as the question about 
the cowherd and the cow on page 11, 

These two phenomena are “snapshots” of one and the 
same reality taken from different points of view. 


Capricious Speeds 

What is the speed of the passenger relative to the rail- 
way tracks if he walks at 5 km/hr towards the head of a 
train travelling at 50 km/br? It will evidently be 50+5— 
—55 km /hr. Our answer is based on the velocity addition 
formula and we have no doubt whatsoever that it is correct* 
Indeed Urn train will have travelled 50 km an hour and the 
man on the train an additional 5 km. Hence the total of 
55 kirj- 

II is obvious that Lhe existence of a limiting speed makes 
the law of the addition of velocities inapplicable universal- 
ly to small and large speeds. If the passenger were travel- 
ling in the Einstein train at a speed of, say t 1GQ + 000 km /sec, 
his speed relative to the railway tracks would have to be 
240,000+ 100,000 ^34Q T 000 km /sec. But there is no such 
speed* because it exceeds the speed of light. 

Consequently, the law of the addition of velocities, which 
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we use in our everyday life, is not entirely accurate- It 
applies only lo speeds far lower than the velocity of light.. 
The reader, who is by now accustomed lo all sorts of 
paradoses In connection with the relativistic theory , will 
easily understand why the seemingly obvious reasoning* 
whereby we have just deduced the principle of addition of 
velocities, is inadequate- We added the distance travelled 
by the train in one hour to the distance covered by the 
passenger in the train, However* the theory of relativity 
showed us that these distances cannot be added. This would 
be Just as absurd as multiplying -4,ft by BC to find the urea 
of the section of a road shown in figure on the next page* 
forgetting that the latter Is distorted in the figure due to 
the perspective ► Besides, to obtain the passenger h s speed 
relative to the station, we must find the distance travelled 
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by him in one hour by the station clock, while to arrive at 
his speed in the train we used the clock in the train, which, 
as w r e already know, is not the same by far. 

This brings us to the conclusion that velocities, of which 
at least one is comparable to the velocity of light, are ad- 
ded in a quite different manner from what we are accus- 
tomed to. We can observe this paradoxical addition of ve- 
locities experimentally when, for example, watching the 
propagation of light in flowing water (wo discussed this 
earlier)- The fact that the velocity of light propagation iu 
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flowing water is smaller than ^ exc! not equal to the sum of 
the velocity of light in sUll water and the velocity of ftow” 
lug wo tor, is a direct consequence of the theory of relativ- 
ity. 

Velocities are added in a very peculiar manner if one 
of them is exactly 300,000 km /sec. This velocity t as we 
know, possesses the property of remaining unchanged, re- 
gardless of the motion of the frames from which we observe 
it* In other words, no matter what velocity is added to 
300, WO km /sec we will again get the same 300*000 km/sec, 

A simple parallel can he drawn in reference to the inap- 
plicability of the ordinary principle of the addition of 
velocities* 

As you know, in a flat triangle (see left figure on page 
53), the sdm of angles A , B and C is equal to two right 
angles. How let us imagine a triangle drawn on the Earth's 
surface (see right figure). Hie sum of the angles of this 
triangle will be greater than tw T o right angles due to the 
roundness of the Earth. This difference becomes noticeable 
only when the size of the triangle is comparable to that of 
the Earth, 

VVe can use the ordinary rule of velocity addition when 
dealing with small speeds, just as it is possible to apply 
the rules of plane geometry to measuring small areas of the 
Earth's surface* 


Chapter Six 

MASS 


Mass 

Suppose we want to make some inertial body move at a 
definite speed. We shall have to apply a certain force to 
it. The body will he set in motion and may be accelerated 
in time to any desired velocity in the absence of external 
forces such as friction. We will find that different time 
intervals are required to accelerate different bodies to the 
desired velocity with the help of a given force. 

Disregarding the force of friction t let us imagine two 
spheres in space identical in size, one made of lead and 
the other of w r ood. Let us apply the same force to each of 
them until they are accelerated to the speed of, say, 10 
km/hr. 

Evidently, we shall have to apply this force to the lead 
sphere for a greater length of time than to the wooden sphere: 
the lead sphere has a greater mass than the wooden one. 
Since under the action of a constant force, velocity grows 
proportionately to the time, the mass is the relation of 
time required to accelerate on inertial body to that 
velocity. The mass is proportional to this relation, the coef- 
ficient being dependent on the accelerating force. 


Increasing Mass 

Mass is one of the most Important properties of any body. 
We are used to the mass of bodies always being constant, 
ft docs not depend on velocity. This follows from our initial 
statement that under the continuous application of a con- 
stant force the velocity grows in direct proportion to the 
lime of its application* 
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This statement is based on the principle of the addi- 
tion of velocities. However, we have just proved that this 
principle cannot be applied in ail cases. 

What are we to do in order to obtain the speed after a 
force has been applied for, say, two seconds? We conform 
to the ordinary rule of addition of velocities and add the 
speed of the body at the end of the first second to the speed 
it acquired during the next. 

We can do so until the velocities approach the speed of 
light. In that case the old rule becomes inadequate- Adding 
velocities with due account of the theory of relativity we 
will get results somewhat smaller than we would if we were 
to use the old rule of addition* quite useless in this case* 
This means that a high velocity will increase not pro port ion- 
ally to the time of application of a force but somewhat 
slower. This is only natural, because there is a limiting 
velocity. 

Given a constant force, the velocity of a body increases 
slower and slower as it approaches that, of light, so that the 
limiting velocity is never exceeded. 

Mass could be considered independent of the velocity 
of a body as long as we say that the velocity of the body 
increased proportionally to the time of application of a 
force. But as soon as the velocity of, the body approaches 
that of light* the proportion between time and velocity 
disappears and mass becomes dependent on velocity* Since 
the time of acceleration grows infinitely and velocity can- 
not be greater than the top linrsit t we observe that mass 
grows with velocity, that it becomes infinite when the ve- 
locity of the body reaches that of light. 

Calculations show that the mass of a moving body in- 
creases as much as its length diminishes. Thus, the mass of 

the Einstein train moving at 240,000 km/sec is times 

greater than the mass of the same train at rest- 

It is quite natural that in dealing with conventional 
velocities, insignificant compared with the velocity of 
light, we may disregard the change in mass just as we disre- 
gard the connection between the dimension and speed of a 
body, or the dependence of the time interval between two 
events on the velocities with which the observers of these 
events travel. 

We can check the relation between mass and velocity t 
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which stems from the theory of relativity, by watching the 
motion of fast electrons. 

In modern experimental devices an electron moving at 
a velocity close to that of light is quite commonplace. 
Electrons are accelerated in special machines to speeds only 
30 km /sec slower than the speed of light . 

It turns out that modern physics is quite capable of 
comparing the mass of electrons moving at a great speed 
with the mass of stationary electrons. Experiments have 
fully confirmed the dependence of mass on velocity, a corol- 
lary of the principle of relativity. 


What Is Urn Price of a Gram of Light? 

The increment of body mass is closely connected with 
the work applied to it; it is proportional to the force re- 
quired to set the body in motion. There is no need to ex- 
pend work in merely setting the body in motion. All force 
applied to the body, any increment of body energy* increases 
its mass. This is exactly why a body has greater mass when 
heated* why a spring has greater mass when it is compressed. 
True* the coefficient of proportionality between the change 
of mass and change of energy is insignificant: to increase 
the mass of a body by one grain we should have to apply 
25,000,000 kWh of energy. 

That is why the change in body mass under ordinary 
conditions is very insignificant and evades the most ac- 
curate measurements. Thus, if we heat a ton of water from 
0 D C up to boiling point, its mass will increase approximately 
by five-mi 11 ion tbs of a gram. 

If we born a ton of coal in a closed furnace P the prod- 
ucts of combustion will have a mass ~^of a gram less 

than the original coal and oxygen. This missing mass is 
carried away by the heat generated in the process of burn- 
ing. 

However* in modern physics we also observe phenomena 
where the change of mass plays quite a prominent 
role. 

Take the phenomena that occur when atom nuclei collide 
and new nuclei are formed as a result. When, for example* 
an atom of lithium collides with an atom of hydrogen, pro- 
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ducing two atoms of helium , Hie mass changes by ^ of 
its original value. 

We have already said that to increase the mass of a body 
by one gram we must apply as much n$ 25,000,000 kWh of 
power. Hence, to convert a gram of lithium and hydrogen 
into helium 400 Limes less energy is required: 

^ ' 5 ' '400' 000 = 60,000 kWh] 

Now let us try and answer the following question: What 
substance existing in Nature is the most expensive (if we 
go by weight}? Radium is considered to be the most expen- 
sive. Until recently, one gram of it was said to be worth 
about a quarter of a million rubles 

But what about the cost of light. 

In an electric bulb we gel u return of just one- twen- 
tieth of spent energy in the form of light. Therefore t a gram 
of light is equivalent to 20 times as much work as 25,000,000 
kWh, i.e., 500,000,000 kWh. That will add up to as much 
as 5,000,000 roubles if we assume that a kilowatt-hour costs 
only l kopek. It follows that a gram of light costs 20 times 
as much as a gram of radium. 


TO SUM UP 


Precise and very convincing experiments force us to 
admit the validity of the theory of relativity, which rev- 
eals most amazing features in the world about us, the fe- 
atures evading us at the first cursory glance. 

We have seen the far-reaching and radical changes in- 
troduced by the theory of relativity into the basic concepts 
that man has worked out through centuries of everyday 
experience. 

Does it mean that the physics developed long before the 
appearance of the theory of relativity is to be thrown over- 
board like an old and useless shoe? 

If this wore so, there would be no call to engage in scien- 
tific research. Some new theory would be sure to appear 
and crush the old one. 

Imagine a passenger riding in, an ordinary express train 
adjusting his watch because, according to the theory of 
relativity, it would be behind the clock at the railway 
station. Everyone would make a laughing-stock of him. 
The effect of, say, a jolt on a highly precise watch is far 
greater, not to mention the fact that the difference in ques- 
tion amounts to a microscopic fraction of a second. 

The chemical engineer who doubts whether water retains 
its mass when heated is clearly out of his mind. Audi con- 
versely, the physicist dealing with colliding atom nuclei 
wiLbout taking into account the change in their atomic 
weight in nuclear transformations would be asked to leaver 
the laboratory for being ignorant. 

Designers develop— and will con Unue to develop— thoir 
engines in accordance with the old laws of physics, because 


il they were to introduce corrections based on the theory 
of relativity, these corrections would have less effect upon 
their machines than a microbe settling on a flywheel. Phys- 
icists experimenting with fast electrons must bear in mind 
that their mass changes with velocity. 

The theory of relativity , far from refuting previous con- 
cepts and notions p extends them and defines the boundaries 
within which these old concepts may be applied without 
incurring the danger of error. The laws of Nature discovered 
by physicists prior to the birth of Lhe theory ol relativity 
are not repudiated at all; it is only that their range of ap- 
plication is now more clearly defined. 

The relation between the physics based on the theory 
of relativity, known as relativistic, and the physics ol the 
old school, known as classical, is approximately the same 
as between higher geodesy, which takes into account the 
round ness of the Earth., and basic geodesy p which ignores 
it. Higher geodesy proceeds from the relativity of the ver- 
tical, and relativistic physics makes use of the relativity of 
body dimensions and the time interval between any two 
events, while classical physics knows nothing of the con- 
cept of relativity. 

Just as higher geodesy developed from basic geodesy, 

relativistic physics grew out of classical physics. 

Wo can change from the formulas of spherical geometry, 
the geometry of the surface of spheres, to the formulas of 
plane geometry of the surface of spheres h to the formulas of 
infinitely long. The Earth will then no longer ho □ sphere 
but an infinite plane* Lhe vertical will be absolute, and the 
sum of the angles in a triangle will be exactly equal to 
two right angles. 

A similar shift may bo made in relativistic physics il 
we assume that the velocity of light Ls infinitely large, 
that is, propagation ol light is instantaneous 

Indeed, if light propagates instantaneously, the concept 
of simultaneousness, as we have seen, becomes absolute. The 
time intervals between events and body dimensions become 
absolute as well, regardless of the frames from which they 
are observed. 

Consequently, w r e may iclain all the classical concepts 
if we consider the velocity of light to be infinite. 

However, the attempt to combine the limiting velocity ol 
light with the old concepts of space and time puts us in the 
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absurd position of a person who knows that tho Earth is 
round, but insists that the vertical of his native town is 
an absolute vertical, and docs not step outside town limits 
[or fear of tumbling into outer space. 
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ORDER AND DISORDER IN THE WORLD OF ATOMS 


BY A. KITAIGORODSKY 

Strictly spuu^iny, this book deals with the sofid,. liquid and gaseous states 
of matter, But structural problems are dealt with from a definite point 
of view-as a manifestation of tihe peculiar struggle between Order and 
Disorder in tha Atomic World. In his treatment of these eombatti ng 
forces, the author was able to discuss, In addition to his presentation of 
the fundamentals of atomic structure theory, a multitude af highly 
significant technical processes, such as the conversions that occur in 
Plastics and rubbers, w tha an heeling and machining of metals, Neither 
did he Ignore problems concerning animal tissues, 

Here again , he finds? that this unique mixture of order and disorder in the 
arrangement of biological molecules Is of primary significance in compre- 
hending the laws of molecular biology, This new fifth Russian edition has 
been revised end was supplemented by many important facts. The simple 
language makes this book invaluable to the interested reader who is 
acquainted with only the fundamentals of physics. 


FIGURES FOR FUN 

BY Y. A. PER ELMAN 


Although we may tipi always notice i 1 , figures are part of our everyday 
I Her, and, as this popular presentation of basic mathematics, geometry 
end algebra proves, figures can be fun. 

This edition actually comprises twp different books by the prominent 
popularizer of science Y a. Perelman. 

It will provide hours pleasure even for Lho-se readers supposedly con- 
firmed in their dislike of numbers.. 

The material Is presented through brain-teasers, historical allusions and 
is also a lively account of practical rise of figures. 

The part on mathematics anti geometry is followed by the algebraic sec- 
tion. As the narration goes, on& day man had to resort to the generalising 
techniques of algebra,, which really ""doubled the life of astronomers". 
The author makes I he exciting world of figures come alive both for the 
young reader unfamiliar with basic mathematical concepts, and for the 
general reader who may have forgotten or never mastered them. 


